INTRODUCTION
Specific ion effects on the properties of aqueous ioncontaining interfaces are ubiquitous in biological and colloidal systems 1 8 . Although such specific ion effects have been known for the past more than 100 years and thousands of papers on this subject have been published, there is no well established molecular theory to explain such effects 9 13 . Both experimental and theoretical quantification of specific ion effects on the properties of aqueous ionic interfaces are almost nonexistent especially for even moderately hydrophobic ions. Quantification of counterion X binding efficiency with ionic micelles may be measured in terms of the magnitudes of either the degree of X-binding β X to ionic micelles or conventional ion exchange constant, K X empirical kinetic SEK method has been used to determine the values of K X Br or R X Br for X representing both moderately hydrophilic and hydrophobic counterions 19 . The effects of the inert counterionic salts on the rates of some ionic micellar-mediated reactions have been quantitatively explained in terms of pseudophase ion exchange PIE model 21 . The chemical trapping method of Romsted has been used to determine the value of K X Cl as 2.6 for X Br 11 which is similar to ones determined by various methods including SEK method 24 .
Perhaps it is relevant to note that the SEK and the present SESp methods can be used to determine both K X Br and R X Br . On the other hand, almost all conventional methods can be used to determine only K X Br . Effects of KBr and NaBr on CTABr micellar binding constants K S of ionized phenyl salicylate S and ionized phthalimide S , determined kinetically 25 , followed the empirical relationship:
where MX NaBr and KBr, K S K S 0 at MX 0 and K X/S is an empirical parameter whose magnitude is the measure of the ability of X to expel S from cationic micellar pseudophase to the bulk aqueous phase. The use of SEK method is restricted to the validity of Eq. 1 19, 24, 25 . The present method SESp has been developed which also uses Eq. 1 where binding constants K S of ionized N-2-methoxyphenyl phthalamic acid 1 was indirectly derived spectrophotometrically instead of kinetically. The details of this method including the relative advantages and disadvantages of both SEK and SESp methods are described in this manuscript. Attempts have also been made to compare the results obtained from SEK, SESp and other conventional methods where ever possible .
EXPERIMENTAL DETAILS
Reagent-grade chemicals such as cetyltrimethylammonium bromide, C 16 H 33 NMe 3 Br, CTABr and sodium salts of all organic and inorganic anions were the commercial products of the highest available purity. All other chemicals used were also of reagent grade. N-2-Methoxyphenyl phthalamic acid 1H was synthesized as described elsewhere 26 Stock solutions of 0.015 M 1H were prepared in acetonitrile. The stock solutions w M of all commercially available nonionized mono-substituted benzoic acids XH were prepared in aqueous solutions by adding w 0.05 M NaOH so that w M XH solutions become w M NaX. Similarly, stock solutions w M of nonionic di-substituted benzoic acids XH 2 were prepared in aqueous solutions by adding 2w 0.05 M NaOH so that w M XH 2 solutions become w M Na 2 X.
2.1 Search for a spectrophotometric anionic probe molecule for SESp method Very fundamental requirements of an anionic probe molecule are as follows: a It must be fully anionic and nonreactive/inert during the entire spectrophotometric measurements. b It should be moderately hydrophobic so that almost entire anionic probe molecules remain in the cationic micellar pseudophase at ≥ 5 mM CTABr in the absence of any inert salt.
The values of molar absorptivity δ 1H of 1H were found to increase from 5. Table 1 . However, depending upon the UV absorption characteristics of Na v X, one can choose a different wavelength where absorbance difference is the highest due to change in Na v X from 0 to a critical value Na v X cr above which the values of A ob become independent of Na v X . Table 1 . 
RESULTS
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transfer of micellized 1 i.e S M to the bulk water phase through ion exchange process X /S because the value of ΔA ob is slightly more than 2-fold larger in CTABr micellar pseudophase than that in bulk water phase. All plausible ion exchange processes, in the present system, are X /S , X /Br , X /HO , Br /HO , Br /S and HO /S . But, in view of the explanations described elsewhere 19, 24, 25 , the most effective ion exchange process that could significantly affect ΔA ob , under the experimental conditions of this study, is X /S . The effective occurrence of X /S in the related chemical systems has been found to decrease K S with increasing MX , at a constant CTABr T and temperature, through the empirical relationship expressed by Eq. 1 25 
where F X/S is an empirical constant whose magnitude should vary in the range 0 to ≤ 1.0.
Perhaps it is relevant to mention that the derivation of Eqs. 5 7 reveals that θ A W and not A M θ F X/S A M A W . However, it is evident from Eq. 6 that θ A W at F X/S 1. Thus, the appearance of empirical parameter F X/S in Eq. 6 is not due to theoretical consequence but rather due to empirical consequence just to take account for the physical reality that the hydrophilic counterions cannot completely i.e. 100 expel the hydrophobic counterions from ionic micellar pseudophase to bulk water phase at ≥ limiting concentration of the hydrophilic counterions. The limiting concentration of the counterions say X ions is defined as the optimum value of Na v X at which ΔA ob values become independent of Na v X in a typical plot of ΔA ob vs. Na v X provided A ob 0 θ in Eq. 4 . Such an empirical approach in scientific domains is not uncommon when theoretical consequence fails to explain partially an apparent physical reality. For example, the introduction of a transmission coefficient κ an empirical constant which takes account for the fact that not every activated complex reaching the top of the potential-energy barrier is converted into a reaction product in the theory of absolute reaction rates is similar to the present approach. Table 1 at [Na 2 X] 0 op = 0. The solid lines are drawn through the calculated data points using Eq. (4) with parameters (A ob 0 , θ, and K X/S ), listed in Table 1 Table 1 .
The plots of Figs. 3 and 4 , where dashed lines are drawn through the least squares calculated absorbance ΔA calc using Eq. 4 with parameters θ and K X/S listed in Table 1 , reveal significant systematic positive deviations of the observed data points from dashed lines at the initial lower values of Na v X . These significant positive deviations of the observed data points from the corresponding calculated data points with the decreasing Na v X at its extreme lower values as well as higher values of CTABr T may be explained as follows. The occurrence of ion exchange process X /HO and X / Br cannot be detected directly by the present spectrophotometric probe because the values of ΔA ob are independent HO and Br at 310 nm. However, the occurrence of these ion exchange processes X /HO and X /Br is expected to decrease the effective concentration of Na v X i.e. Na v X S ef affecting the ion exchange process X /S where S 1 . One of the major assumptions of PM model states that the micellar binding processes of different solubilizates are independent of each other which, in turn, implies that the values of micellar binding constants of different solubilizates must be independent of each other. Since an ion exchange constant for a counterionic exchange process at ionic micellar surface is merely the ratio of the ionic micellar binding constants of the exchanging counterions, therefore different ion exchange constants for various counterionic exchange processes at the ionic micellar surface should also be independent of each other. Since the expected hydrophobicity of the counterions, X , Br and HO , varies in the order X Br HO , it is obvious to expect that the addition of X ions to the aqueous mixture containing the constant values of CTABr T and S T causes the most hydrophilic counterions, HO , to move first from the cationic micellar surface to the aqueous phase. Once such decreasing effects of Na v X on HO M is saturated 32 at the optimum value of Na v X Na v X OH op , a further increase in Na v X at Na v X Na v X OH op , has no effect on ion exchange X /HO . estimated by an iterative technique described elsewhere 14, 19 .
These calculated values of Na v X 0 op are summarized in Table 1 . The values of θ, K X/S and Σdi 2 were also calculated from Eq. 4 with Na v X Na v X S ef and these results are also shown in Table 1 . It is evident from the plots of The value of F X/S should measure the fraction of the micellized counterions S M transferred to the aqueous phase by the limiting/optimum concentration of Na v X through ion exchange X /S . In terms of multistate/multiple micellar pseudophase model 19, 25, 33 35 , the value of F X/S may also be considered as the measure of the micellar penetration of counterions X relative to S where the hydrophobicity of S is larger than that of X . Eq. 6 reveals that the values of θ should be independent of CTABr T . The calculated values of θ Table 1 are almost independent of CTABr T for all Na v X with v 1 or 2. The values of F X/S were calculated from Eq. 6 with A M , A W and θ values listed in Table 1 . These results, at different CTABr T , are summarized in Table 1 . The mean values of F X/S for different Na v X with v 1 or 2, are shown in Table 2 .
Eq. 7 predicts that the values of K X/S should decrease with the increase in CTABr T . This prediction appears to be correct from the calculated values of K X/S at different CTABr T Table 1 . The value of CMC, in the absence of Na v X with v 1 or 2, is 0.25 mM which is 20-fold lower than the lowest value 5 mM of CTABr T attained in the present study. The value of CMC is expected to be lower than 0.25 mM in the presence of Na v X with v 1 or 2. Thus, it is obvious that CMC may be neglected compared with CTABr T , i.e. Dn ≈ CTABr T under the experimental conditions of this study.The values of K X/S at different
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CTABr T were calculated from Eq. 7 where D n CTABr T with the experimentally determined value of K S 0 4.53 10 3 M 1 . These calculated values of K X/S at different CTABr T for different Na v X with v 1 and 2, are shown in Table 1 . The values of K X/S are almost independent of CTABr T within its range 0.005-0.015 M Table 1 which is a requirement for the validity of Eq. 1 . It has been concluded elsewhere 19, 24, 25 Table 1 give the values of K X Br or R X Y for different X.
These results are also shown in The respective values of F X/S and K X Br or R X Br are expected to be dependent and independent of the physico-chemical characteristics/nature of probe molecules. However, the dependency of F X/S values upon the nature of the probe molecules would be detectable only if the values of CTABr micellar binding constants of anionic probe molecules differ significantly from each other. It is perhaps relevant to point out that X-penetration of cationic micelles is not always proportional to the magnitude of K X Br or R X Br for moderately hydrophilic and hydrophobic X. The isomeric positions of hydrophilic/hydrophobic substituents of substituted benzoate ions may affect the expected plausible correlation between X-penetration of cationic micelles and the magnitude of K X Br or R X Br . It is almost certain that hydrophilicity and hydrophobicity of the environment of ionic micellar surface decreases and increases, respectively, as the distance from outermost to interior most of the micellar surface increases. Thus, it is apparent that for X containing hydrophilic, steric and hydrophobic segments, favorable free energy of interaction between micellar surface and hydrophilic segment as well as perhaps steric requirements of X decreases with increasing extent of micellarpenetration of X while the reverse is true with hydrophobic segment of X. The energetic balance of these two opposing interactions, in terms of energetics, is expected to give the measure of the extent of X-penetration of cationic micelles as well as the magnitude of K X Br or R X Br for counterion X.
The values of F X/S and K X Br or R X Br , obtained by the use of SESp and SEK methods, for a few X are summarized in Table 2 . The value of F X/S for X Cl is lower than that for X Br for the same S 1 or anionic phthalimide, PT which may be attributed to higher hydrophobicity of Br than that of Cl . The higher value of F X/S for S PT than that for S 1 for same X Cl or Br could be ascribed to lower value of K S However this statement remains speculative in nature at the moment.
Relative advantages and disadvantages of SEK and
SESp methods a SEK method is more time consuming compared with SESp method. b SEK method involves kinetic measurement which is considered to be difficult in some aspects compared to UV spectrophotometric measurement involved in SESp method. c SEK and SESp methods involve respective secondary and primary data to obtain empirical constants which lead to the calculation of K X Br or R X Br . d SEK method demands relatively larger number of requirements to maintain in its use. e The range of variation of variable experimental data, which are used to determine empirical parameters, is several-fold larger in SEK than that in SESp method. As a consequence the calculated empirical parameters may be more reliable in the use of SEK than that of SESp method. f Perhaps it is easier to find new appropriate kinetic probe molecules for SEK method than the new spectrophotometric probe molecules for SESp method . g The number of assumptions is larger in SEK method than that in SESp method. h Kinetic probe molecules are chemically reactive while specrophotometric probe molecule is chemically almost inert under neutral and mild alkaline pH. i SEK and SESp methods cannot be used at pH 11 and 6, respectively. Thus, the values of K X Br or R X Br of monoanionic salicylate and substituted salicylate ions can be obtained by the use of only SESp method.
CONCLUSIONS
The occurrence of ion exchange processes between counterions at the ionic micellar surfaces has been experimentally well established. The counterion-induced ionic micellar growth is now generally believed to depend upon the magnitudes of ionic micellar binding constants K moderately hydrophobic X and hydrophilic Y. Although counterion or specific counterion effect on physicochemical properties including structural features of aqueous interfaces has been known for more than a hundred years when Hofmeister first reported such effect in 1888 and an extensive list of publications on this subject could be found in the literature, experimental as well as theoretical quantification of this effect has not been achieved yet especially for moderately hydrophobic counterions 1 13, 43 . There are several physicochemical methods for the determination of K X Y , but none of them seems to be free from assumptions, limitations and apparent weaknesses. The present method is not fully free from such shortcomings, but SESp and SEK, to the best of authors knowledge, are the only methods that can be used to determine the values of both K X Br and R X Br for hydrophilic as well as moderately hydrophobic X .
A where K S K S /n with n representing aggregation number, A W δ W S T , A M δ M S T and S T S W S M . As discussed on p. 8 of the text, the effect of the concentration of inert salt, MX Na v X, v 1, and 2 , on ΔA ob at a constant CTABr T , is assumed to be caused by the change of K S with the change of Na v X through the empirical equation Eq. 1 where MX Na v X, v 1, and 2 of the text. Thus, Eq. 1 of the text and Eq. iii can lead to Eq. iv In Eq. vi , F X/S is an empirical constant with its value by definition lying in the range 0 ≤ 1.0. The purpose of the introduction of F X/S is just to take account for the physical reality that the hydrophilic counterions such as HO cannot expel completely i.e. 100 the hydrophobic counterions such as S from cationic micelles to the aqueous phase at ≥ the limiting concentration of the hydrophilic counterions. However, at F X/S 1, Eq. vi is reduced to: θ A W . Eqs. v , vi and vii are same as Eqs. 5 , 6 and 7 of the text, respectively.
